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HH;i,yij,HpoBaHHbie CTpyKTypti na xpancBepcajiax k 
no;i,rpynne rpynnbi h rnneprpynnbi na^i, rpynnoii 


CaMBeji r. ^ajiajian 

EpeBaHCKHH rocyflapcTBeHHbiH yHHBepcHTex 

AHHOTaLi,Ha. Ha xpancBepcajiax k no^rpynne rpynnBi c noMoipBio GHHapnofi onepapHH 
rpynnBi onpe^ejiaioxca cxpyKxypHBie oxo6pa>KeHH5i h na hx ocHOBe BBO^HXca noHHxne 
rnneprpynnBi na^ rpynnofi, o6o6iri;aioiri;ee noHHxne cJiaKxop-rpynnBi aa^aHHofi rpynnBi no 
HopMajiBHOH no^rpynne. Kaxeropnn rnneprpynn na^ rpynnoii co^epjKHX b KanecxBe 
no^Kaxeropnii Kaxeropnio rpynn, Kaxeropnio jinnefinnix npocxpancxB, naxeropnio nojieii (xeji). 
KjiKJHeBBie cjiOBa: xpancBepcajiB, cJiaKxop-rpynna, rnneprpynna na^ rpynnoii, jinneiinoe 

npocxpancxBO, none. 


y^K 512548 +512538 

0. OnnoH H3 4)yH.naMeHTajibHijix KOHCTpyKaHH TeopHH rpynn aBjineTcn KoncTpyKpHH cjDaKxop-rpynnni nan- 
Holi rpynnbi no ee nopMajibnon noflrpynne. Ho jnoGoli .nannon rpynne G n nponsBOjinnon ee nopMajiBHon noflrpyn- 
ne H CTpoHTCH (JiaKTop-MnojKecTBO G/ sareM ono cna6}KaeTCH nn^yanpoBannon crpyKTypon rpynnbi. OaxTop- 
MHOJKecTBO G/H HHTepnpexHpyeTCH xan paaGneniie MnoixecxBa G na MnojxecxBO CMejxnbix xjiaccoB rpynnbi G no 
HopMajibnoH nonrpynne nponsBOjibHbiM o6pa30M cjanxcnpyexca no o^noMy ajieMenxy b xajxflOM CMeixHOM xjiacce 
H onpenejiaexcH GiiHapnaa onepapna na MnoixecxBe G/H c noMOin,bio GiinapHon onepapiin rpynnbi G. 

IIpH 3XOM cymecxEennyio pojib nrpaiox cjienyioin,He nsa oGcxoaxejibcxBa. Bo-nepBbix, no nponaBOJibnon, b 
xoM nncjie nopMajibnon, noflrpynne H rpynnbi G n jno6oMy sjieMenxy a G G mo>xho nocxponxb ;i,Ba CMOJxnbix 
xjiacca: npaBbiii Ha = {x ■ a, x G H} n jieBbiii aH = {a ■ x, x G H}; b cjiynae nopMajibnon no^rpynnbi H sxn flpa 
CMejxnbix xjiacca cosna^aiox. Bo-Bxopbix, nponaBenenne CMejxnbix xjiaccoB no BbimeyxasannoMy npnnpnny b cjiynae 
nopMajibnon noflrpynnbi H onpe^nejinexcn xoppexxno, xo ecxb ne aaBHcnx ox BbiGopa oxMcnennbix sjieMenxoB. 

Ecjin oxxaaaxbCH ox ycjiOBna nopMajibnocxn nonrpynnbi H, axn flpa CBOiicxBa yjxe ne BbinojinaioxcH. Oxa- 
3biBaexca, xcm ne Menee, na no^xoflaipe Bbi6pannbix MnojxecxBax M MOJxno aaflaxb Gnnapnyio onepapnio, Hnflypn- 
poBannyio Gnnapnon onepapnen rpynnbi G, opnaxo, b oGipeM cjiynae, sxa onepapna ne 6ypex rpynnoBoii. 

3aMexxa nocBaipena xoncxpyxpnn sxon GHnapnon onepapnn n xpex conyxcxByioin,Hx cxpyxxypnnix oxoGpajxennn, 
na ocnoBe xoxopnix BBOpnxca nonaxne rnneprpynnbi nap rpynnon. AoKaBbiBaexca, nxo xaxeropna rnneprpynn nap 
rpynnoii copepjxnx b xanecxBe nopxaxeropnii xaxeropnio rpynn, xaxeropnio jinneiinbix npocxpancxB, xaxeropnio 
nojieli (xeji). 


1. IIopxopamHH pjia naniHx pejieli BbiGop MnoixecxBa M ocnoBan na nonaxnn ponojinnxejibnoro MnojxecxBa 
X noprpynne rpynnbi. Ilycxb G - rpynna, H - ee npoH3BOjibnaa noprpynna. IlopMnojxecxBO M rpynnbi G nasbi- 
Baexca npaeuM donojmumeJihHUM MHootcecmeoM k nodapynne H , ecjin pjia jno6oro sjieMenxa x G G cyipecxByiox 
epnncxBennbie sjieMenxbi a G H b a G M, xaxne nxo x = a ■ a. Anajiornnno (pBoncxsenno) onpepejiaexca nona- 
xne jieBoro ponojinnxejibnoro Mnoixecxsa x noprpynne H . Boo6ipe, ocnoBnbie nonaxna n xoncxpyxpnn naoxoaipen 
3aMexxH HMeiox psa Bapnanxa: npaBbiii n jieBbiii. B pannoii saMexxe mm, xax npasnjio, paccMaxpnBaeM xojibxo 
cooxBexcxByioipHe npasbie Bapnanxbi n cjiobo npasbiii nacxo onycxaeM. 

IIpaBoii mpaHceepcaAhw k nodzpynne H zpynnu G naabiBaexca nopMnojxecxBO M rpynnbi G, nepecexaioipee 
xajxpbiii npaBbiii CMejxnbiii xjiacc oxnocnxejibno noprpynnbi H b xonnocxn no opnoMy sjieMenxy. 
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CeueHueM KanoHnnecKoro (npaBoro) dopteKTHEHoro 4)aKTop-OTo6pa}KeHHa: 

ijj : G ^ H\G, a i—>■ Ha 

HasEiBacTCH OTo6pa}KeHHe a : H\G G, yflOBjiCTBopaiomee ycjiOBHio a o ip = id^ r^e id osHanaeT TOJK^ecTBennoe 
OTo6pa5KeHHe. 

CjieflyiomHe Tpn yTBepjKfleHHH SKBHBajieHTHti: 

M - npaBoe flonojiHHTejiBHoe MHoacecTBO k noflrpynne H rpynnbi G; 

M - npasaa TpancBcpcajiB k noflrpynne H rpynnBi G; 

M - o6pa3 cenenHa a npaBoro 4)aKTop-OTo6pa}KeHHa ip (cm. [1]). 

riosTOMy TcpMHHbi npaBoe flonojiHHTejiBHoe mhojkcctbo, npaBaa TpancBcpcajiB h o6pa3a ccHCHHa npaBoro 4)aKTop- 
OToGpaJKCHHH B3aHM03aMeHHeMbI. 


2. IlycTb G - npoH3BOjibHaH rpynna, H - ee noflrpynna, M - .zi,onojiHHTejibHoe mhojkcctbo k noflrpynne H . 
Mbi o6o3HaHaeM ajiCMCHTbi rpynnbi H CTponnbiMn rpenecKHMn SyKsaMn, ajiCMCHTbi MHOJKCCTBa M - CTponnbiMn 
jiaTnncKHMn SyKsaMn. 

OnpcflejiHM OTo6pa}KennH 


(Bl) ^ M X H ^ M, 

<I)(a, a) := 

(B2) M X H ^ H, 

'I'(a, a) := 

(B3) E: M X M ^ M, 

S(o,6) := 

(B4) A: M X M ^ H, 

A(a, b) := 

COOTHOnieHHHMH 


(FI) 



a“, 

“a, 

[a,b], 

{a,b) 

a • a = ^‘a • o“, a ■ b = {a,b) ■ [a, b]. 


3. TeopeMa. Omodpaafcenufi odAadamm cAedywmuMU ceoucmeaMu. 

(PI) OmodpaofceHue S onpedeAMcm na M cmpyKmypy npaeou Keasmpynnu c AeeuM neumpaAbHUM aAeMenmoM o. 
(P2) OmodpaofceHue $ AeAHemcA npaeuM deucmeueM epynnu H na MHoatcecmeo M. 

(P3) OmodpaoKenue nepeeodum nodMHocHcecmeo {o} x H na H. 

(P4) CucmeMa omodpacHceHuu = ($, 'I'jS, A) nodnuHAemcA cAedywiyuM coomHomeHUAM: 

(Al) “(a-/3) /3, 

(A2) [a,br = [a-,b% 

(A3) (a, b) -[“•'’I a = “(^a) ■ ( 0 '“,6“), 

(A4) [[a,b],c\ = [a^^’^\[b,c]], 

(A5) (a, b) ■ ([a, b],c) = “(&, c) • [b, c]), 


/jPoKaaameAbcmeo. HcnojibaycM accopnaTnBnocTb GHnapnon onepapnH rpynnbi G b Bn^e 

(a • a) • j3 = a • {a ■ j3), a € M, a,j3 € H. 
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IIpHMeHHH (FI) K jieBOH HacTH, nojiyHacM 

(a • a) • /3 = (“a • a“) • /3 = “a • (a“ • /3) = “a • (““/3 • (a“)^) = (“a • ““/?) • (a“)^. 

IIpHMeHHB (i^l) K npaBoii nacTH, nojiynnM 

a - {a ■ P) = “(a • /3) • a“'^. 

Cjie^OBaTejiBHO, 

= “a • ““/3, “(a •/3) e il, {a°‘f, & M. 

OTCio^a, HcnojiBsya: eflHHCTBeHHOCTb pasjioJKeHna b nponsBeflenne sjieMenTOB noflrpynnti iJ h TpancBepcajin M, 
nojiynaeM cooTHomeHHH (^1) h 

(AO) (a“)/5 = a“-^. 

CooTHomeHHe (AO) HBjiaeTCH nepBBiM neoOxoflHMBiM cooTHomeHneM onpe^ejiCHna ^eftcTEHa rpynnBi na mhojkoctbo 
( cBoiicTBO (P2)). 

AnajiorHHHO, ncnojiBsya: accopnaTHBHOCTb OnHapHofi onepapHH rpynnbi G b nacTHbix cjiynaax 

{a ■ b) • a = a • {b ■ a), a,b G M, a G H 

H 

{a ■ b) ■ c = a ■ {b ■ c), a,b,c G M, 
nojiyHHM cooTHomeHHH (A2), (A3) h (A4), (A5), cooTBeTCTBenno. 

IIpHMeHHH Te }Ke Hflen ;i,OKa3aTejibCTBa k paBencTBy 


a ■ e = e ■ a, a G M, e - HeftTpajiBHBiH ajieMenT noflrpynnbi H, 


MOJKHO noKaaaTB, hto a® = a, “£ = e. IlepBoe h3 sthx cooTHOinenHii KOMnjieKTyeT cbohctbo (P2). 

OcTajiocb flOKaaaTb CBoiicTBa (PI) h (P3). IlycTB 

e = 0 ■ o, 9 G F[,o G M 

KanoHHHecKoe pasjioJKeHne HeiiTpajiBHoro ajieMCHTa e = e rpynnbi G b nponBEe^enne sjieMenTOB no^rpynnbi H n 
TpancBcpcajin M . Tor^a fljin jno6oro sjieMenxa a G M HMeeM 

e ■ a = 9 ■ o ■ a = (9 ■ {o, a)) • [o, a]. 

Cjie^OBaTejibHO, b nacTnocTn, [o, o] = a. SnannT OnnapHaH onepapnn S HMeex jieBbiii nenTpajibnbin sjieMenx o. 

Tax Kax 

(a ■ 9) ■ o = a = 9 ■ (o ■ a) = (9 ■ °a) ■ o“, 

nojiynaeM cooxHomennH °a = 9~^-a-9 n o“ = o. Cbohcxbo (P3) HBjiaexcn cjie^cxBneM nepeoro n3 sxnx cooxnoniennn. 

Haxonep, floxajxeM, nxo MnojxecxBO M BMecxe c Onnapnon onepapneii S HBjiaexca npaBon xBaanrpynnon, 
xo ecxb jiioGoe ypaBnenne [x, a] = b, a,b G M nmeex epHncxEennoe pemenne b M . 

JPjih aio6oro sjieMenxa a G M sjieMenxbi G H n G M onpepejiHM ycjiOBneM 


Torpa 

• (af“^], a) ■ a] = • 0 ^“^^ • a = a~^ ■ a = e = 9 ■ o, 
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H, cjie^OBaTejibHO 




{F2) 


[fll 1], a] = o, 


JleMMa. /(ah 9 AeMeHmoe x,a,b G M coomnomeHue [x, a] = b eunoAHHemcH mozda u moAt>Ko mozda, Kozda 
X = (x,a) • = e. 


/(oKasamcAbcmeo acmmu. Ha ocHOsaHHH (FI) h eflHHCTBeHHOCTH pasjioJKeHHH b nponsBe^eHne ajieMenTOB 
noflrpynnbi H h TpancBepcajiH k neii M HMeeM penoHKy aKBHBajienTHbix paBencTB: 


= b 

{x 

,a) 

• [x. 

,a] 

= {x, 

a) ■ 

b 


X • 

a = ( 

x,a) • b 

X = {x, a) ■ 

b- 

a~ 

1 


X = 

= {x. 

,a) 

-b-a^ 

-1) 

•a'-H 

X 

= 

{x, 

a) ■ 

\a 

(-1)) 


-1) 

■ al-H 




e ■ X = (x, 

a) 

•*'(' 

ay- 

(6“‘" 

1) 

,a 

[-1] 

) • 

-1) 


] ^ 

X =y 

-1) 

5 

al- 


{x, a) ■ 


(-1) 

) • (fe“ 

(-1) 

P 

1 

II 


CjieflCTBHe. VpaeneHue [x,a\ = b, a,b G M MOOKem uMemb ne 6 oAee odnozo pemenuH e M. Tukum peme- 
HueM MOQtcem 6 urm> moAtKo a; = 9 mo anaHenue HeuaeecmHozo 6 ydem pemenueM paccMampueacMozo 

ypaeneHUH mozda u moAtKo mozda, Kozda uMcem Mccmo paeencmeo 

(F3) ,at-il],a) ■ ,al-^) = e. 


HoflCTaBjiaa snaHeHne x = [b°' , ^1] b ypaBHenne [a;, a] = b, y6e5K/],aeMCH, hto oho aBjiacTca ero pemeHneM: 

= [&^ o] = {by' =b. 

S^ecb HcnojiBsyiOTca (H4),(F2) h cooTHomeHne [a, o] = , KOTopoe (sMecTe c cooTHOincHHeM (a, o) = “(0“^)) 

MOJKHO HSBJieHb H3 paBCHCTB 

(a, o) • [a, o] = a ■ o = a ■ 9~^ = . 

TaKHM o6pa30M, TCopeMa hojihoctbio flOKa3aHa. SaMOTHM, hto, KaK caeflCTBne, cnpaBCfljiHBO cooTHOineHHe (F3). 


4 . Onpe/i,ejieHHe (cm. [2], [4]). Hapa (M, H), cocToan],aa h 3 MHoacecTBa M h rpynnbi H, bmcctc c chctcmoh 
CT pyKTypHbix OToGpajKCHHH n = ($,4',S,A) Ha 3 BiBaeTca npaeou zunepzpynnou Had zpynnou H (h o 6 o 3 HaHaeTca 
Mh), ecjiH BBinojiHaiOTca CBoftcTBa (PI) - (P4). 

Tenepb namy ocHOBHyio TCopcMy 3 mo>kho nepe(|)opMyjiHpoBaTB Tax. 

C KaoKdou mpouKou {G, H, M), zde G - zpynna, H - ee nodzpynna, M - npaean mpanceepcaAb k nodzpynne 
H, KaHOHUHCCKU accoyuupyemcH npaean zunepzpynna Had zpynnou Mh- 

KoHCTpyKpna, c homoh^bk) KOTOpoft mbi nojiyanjiH rnneprpynny Ha.ii, rpynnoft Mh, HCxo.n,a h 3 TpoiiKH 
{G, H.M), Ha3BiBaeTCH cmandaymnou KoncmpyKyueu rHneprpynnBi Ha.n, rpynnoii. Mojkho flOKaaaTB (cm, [6]), hto 
CT aHflapTHaa KOHCTpyKpna ynueepcaAbna: c tohhoctbk) flo H30Mop4)H3Ma, jHo6aH rHneprpynna Ha.n, rpynnoii nojiy- 
nacTca c noMon],Bio cxanflapTHoit KOHCxpyKpHH (nonaxHC H30Mop4)H3Ma rHneprpynn nafl rpynnoii onpefleaaexca b 
n. 7 nacToaipeit aaMexKn). 

TepMHH rnneprpynna yace ncnojiBByexca b MaxeMaxHKe. Tax naaBiBaroxca oGbckxbi co cxpyKxypoii, noxoaceit 
na rpynnoByio, no c MHoroBnaHHoii GHnapnoit onepapneii (cm., nanpnMcp, [ 7 ]; o ncKOxopBix npaMcnennax rnnep- 
rpynn cm. b [8]). BniGop xepMnna pjia BBcpennoro hbmh oGxjCKxa oGocnoBBiBacTca xcm, hto otot oGbckt HBaaexca 
o 6 o 6 ipeHHeM rpynnni n anneitnoro npocxpancTBa nap noacM (xeaoM) (cm. n. 9 h 10 sxoii BaMCXKn). HyTanapBi c 
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noHHTHeM rnneprpynnbi ne moskct BOSHHKHyTb, noTOMy hto (nojiHoe) nasBaHHe BBeflenHoro o6'BeKTa - zunepzpynna 
Had zpynnou. 


5. CflejiacM necKOJiBKO KOMMeHTapneB k cooTHOineHHHM (Al) — (A5) onpeflejienHH rnneprpynnbi na/i, rpynnoii. 
(al) ycjiOBHe (Al) osHanaeT, hto Jiio6oro sjieMenTa a G M OTo6pa}KeHHe 

HBjiaeTCH „o6o6meHHbiM r0M0M0p(J)H3M0M“ . Oho npeBpaipaeTca b o6bihhbih roMOMop4)H3M, ccjih $ 0 ( 0 ) = a°‘ = a 
npH J11060M a G H, TO ecTb Kor^a a - HenoflBHJKHBiii sjieMenT OTHOCHTeaBHO fleiicTBHa $ rpynnBi H na mhojkoctbo 

M. 


(a2) AHajiorHHHO ycaoBne (A2) oananaeT, hto ^jia aioSoro sjieMenTa a G H OTo6pa}KeHHe 

HBjiaeTca „o6o6ni,eHHBiM roMOMop4)H3MOM“ flaa 6HHapHOH onepapan S(a, 6) = [a, &] KBaanrpynnBi Oho npe- 

Bpan],aeTca b o6biHHbiH roMOMop4)H3M, ccjih = a pjia aioSoro b G M. 

(a3) OopMyjia (A3) aBjiacTca anajioroM (fiopMyjibi (a“)^ = a“'^. KpoMC Toro hmccm anajior 

(F4) °a = e-^ -a-9 

(JjopMyjibi a ‘^ = a . SnaanT OToGpajKCHHC 4* mojkho paccMaTpHBaTB khk hckoc o6o6iEi;eHHoe KopeiicTBHe npaBOit KBa- 
3Hrpynnbi {M, S) c acBBiM HeHTpaatHbiM ojicmchtom o na rpynny H o6o6meHHBiMH aBTOMop(J)H3MaMH. 

Otmcthm, hto npH poKaaaxejiBCTBe TCopcMbi 3 mbi Hcnoab30BajiH coothohichhc (FA) paa noayHCHHa CBOitcTBa 
(P3). Ha caMOM peae, 3pecB cnpaBcpanBa h o6paTHaa HMnaHKapna, xax hxo cooxhohichhc (P4) h cbohcxbo (P3) 
OKBHBaaeHXHbi. YcaoBHC (P3) b onpepeacHHH rHneprpynnbi nap rpynnoH npocTO 6oaee ypo6Haa (|)opMa aapanHa 
cooxHoniCHHa (P4). 

(a4) Cooxhohichhc (A4), ohcbhpho, (JiopMyaa o6o6hi;chhoh accopnaxHBHOCxH SHHapnoit oncpapHH S. 

(a5) BcKoaB3ij oxmcxhm, hxo cooxhohichhc (A5) mojkho paccMaxpHBaxB Kax o6o6h],chhc Kopcnnoro npannaa 
xcopHH KoroMoaoxHH rpynn (cm. [9], [1], [6]). 


6. IIpepaoxceHHe. Llycm'b FI - HopMaAtnasi nodzpynna zpynnu G, M - npouseoJibHan mpaHceepcaJit) k 
nodzpynne FI, Gl = (4>,4',S,A) - cucmcMa cmpyKmypnux omodpaotceHuu zunepzpynnu nad zpynnou Mu- Tozda 

1) deucmeue $ zpynnu H na MHootcecmeo M - mpueuaAUHoe, mo ecmt> a°‘ = a d^si mwOux a G M, a G H ; 

2) npaeasi Keaauzpynna noMiemcsi zpynnou, uaoMopcfiHou cfiaKmop-zpynne H\G. 

JHoKaaamejibcmeo. 1). Ho onpcpcacHHio HopMaaBHoii noprpynnbi paa aio6i>ix aacMCHTOB a G H,a G M 
sacMCHx a ■ a ■ a~^ poaJKCH npHnapacacaxH H. Snaanx a“ = a. 

2). Ecan pchcxbhc $ - xpHBHaaBHOC, xo coraacHO (A4) npanaa KBa3Hrpynna c hcbbim HciixpaaB- 

HbiM aacMCHxoM accopnaxHBHa. Ho aio6aH accopnaxHEHaa npaBaa KBaanrpynna c hcbbim HCHxpaaBHbiM aacMCHxoM 
aBaacxca rpynnoH. 

(PaKxop-oxoSpajKCHHC ip : G ^ H\G, x i-G H ■ x ycxaHaBaHBaex 6hckphio Mcacpy MHOJKCCXBaMH M h H\G h 
HcpcBopHx 6HHapHyio OHcpapHio S b 6HHapHyio oncpapnio (JiaKxop-rpynnbi H\G. Snaanx rpynna (M, S) H30Mop4)Ha 
(JiaKxop-rpynne F[\G, npnacM sxo Bcpno paa aio6oH xpancBcpcaan M k noprpynne H . HpcpaojKCHHC 5 poKaaaHO. 

6.1. CaepcTBHe. ITycmt H - nopMaJiunaJi nodzpynna zpynmi G. Tlycmu M' u M" , coomeemcmeeHHo, 
npaeasi u jieeasi mpanceepmAu k nodzpynne H , a'E! u S" - coomeemcmeymu^ue dunapHue onepayuu. Tozda zpynnu 
(M',S') u (M",S") ueoMop^Hu. 

/PoKasameAucmeo. Fpynna (M', S') H30Mop4)Ha (JiaKxop-rpynnc F[\G, rpynna (M", S") H30Mop4)Ha (JiaKxop- 
rpynnc G/H, a cjiaKxop-rpynnbi H\G m G/H coBnapaiox. 
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IlTaK, noHSTHe rnneprpynnbi nafl rpynnoft aBjiHCTca o6o6iii;eHHeM noHSTHH 4)aKTop-rpynnH no nopMajibHofi 
noflrpynne, o6o6ni,eHHeM b cmbicjib npefljiojKenna 6. 

6.2. Cjie/i,CTBHe. bcmkou mpoixKU {G, H, M), zde H - nodzpynna zpynnu G undenca 2, Keasuzpynna 
(M, S) coomeemcmeywineu amou mpoune zunepzpynnu nad zpynnou Mh 6ydem zpynnou. 

/(oKaaameAbcmeo. BcsKaa no^rpynna HH^eKca 2 - nopMajiBnaa. 

TaKHM oGpasoM, corjiacno CBoncTBy ynnBepcajiBHOCTH CTanflapTHon KoncTpyKpnn, rnneprpynnbi Ha.ii, rpyn- 
noit c neKOMMyTaTHBHOH (sKBHBajienTHO, ne rpynnoBon) KBasnrpynnon {M, S) MoryT BOsnnKnyTB, tojibko ecjin 
nncjio 3jieMeHTOB \M\ MHoacecTBa M Gojinme AByx. Bee rnneprpynnBi nafl rpynnon Mh c \M\ = 3, c tohhoctbk) 
H30Mop4)H3Ma, onncanbi b KaHflHflaTCKoii .n,HCcepTaii;HH 11. SojiBcjDarapn. HeKOTopwe npnMepBi rnneprpynn nafl 
rpynnoii Mh c |M| = 3 h HeKOMMyTaTHBHon KBaanrpynnoii (M,'E.) npHECflenbi b [5]. 


7. Kjiacc rnneprpynn nafl rpynnon mojkho npenpaTHTb b KaTeropnio, onpeflejiHB nonarne Mop4)H3Ma rnnep- 
rpynn na^a, rpynnoii (cm. [ 3], [6]). 

IlycTb Mh n M'^, flBe rnneprpynnbi na^a, rpynnoii c cncTOMaMn crpyKTypnbix OToGpaaceHHit O = (<I>, ip, S, A) n 
n' = (<&', 'll', S', A'), cooTBOTCTBenno. Mop^uaju U3 Mh e M'^, - 3to napa / = (/o, /i), cocToamaa n3 roMOMopejanaMa 
rpynn /o : ^ i7' n OTo6pajKenna mhojkoctb /i : M —> M' , KOTopbie noflnnnaiOTca cooTnomennaM 

‘J’ ■ /i = (/i X /o) • , 'I' • /o = (/i X /o) •, S ■ /i = (/i X /i) - S', A • /o = (/i X /i) • A . 

Kjiaccbi Bcex rnneprpynn nafl rpynnoii n nx mopcJjhbmob BMecTe c noKOMnonenTHon onepapneii KOMnoanpnn Mopejana- 
MOB fog = {foo go, /i o gi), rpe / = (/o, fi),g = {go, gi), h cncTeMoii TOJKpecTBennbix mop 4)H3 mob Imh = (Iff, 1 m) 
o6pa3yiOT Kareropnio, KOTopyio Mbi oGoanaanM 'Hg. IIoaTOMy b OTHomennH rnneprpynn nap rpynnoii mbi mojkom 
H cnojibsOBaTb bcio TepMHHOjiornio n Bce peayjibTaTbi o 6 ipevL Teopnn KaTeropnit. 

06o3HanHM KaTeropnio rnneprpynn nap rpynnoii nepea T-Lg. 


8. IIpepjiojKeHHe. Kamezopusi zunepzpynn nad zpynnou T-Lg codepcncum nodKamezopum, usoMopefinym kq- 
mezopuu zpynn Q. 9mo - noAnasi nodKamezopun c kaoccom odseKmoe, cocmoAiyuM U3 ecex zunepzpynn Me nad 
mpueuaAUHou zpynnou E. 

/l,0Ka3ameAbcmeo. OnpepejinM (JiynKTop S{G) : Q —> 1-ig cjiepyioipHM o6pa30M. Kaaepon rpynne M conocra- 
BHM napy {M, E) c TpHEnajibnoit (nop)rpynnoii E n cooTBexcTByioipyio rnneprpynny Me- OneenpHO, hto npn 3tom 
CTpyKTypnbie OToGpajKenna $, 'll, A onpepejiaiOTca opnoananno (n TpnBHajibno), a b KanecTBe S B03bMeM GnHapnyio 
onepapnio rpynnbi M. Torpa BbinojinaiOTCH ycjiOBna (PI) — (P4), rax hto nojiynaeM rnneprpynny nap rpynnoii. 
FoMOMOpcJinBMy rpynn /i : M —> M' conoexaBHM Mop(|)H3M rnneprpynn nap rpynnoii 

/ = (Isj/i) : Me —>■ M'e- 

9tox cjayHKxop nnbeKTHBen, noaxoMy ycxanaBjinBaex naoMopeJiHBM Meaepy Kaxeropneit G n ee o6pa30M T-LgE oxnocn- 
xejibno (JiyHKTopa S{G), HBjiaioipnMca nojinoii nopKaxeropneii KaTeropnn T-Lg, KjiaccoM oGbeKxoB Koxopoit cjiyacaT 
Bce rnneprpynnbi nap xpHEnajibHoit rpynnoii E. OGpaxnbiM tjaynKxopoM k cjaynKxopy S{G) 6ypeT cxnpaioipHH (JiynK- 
xop H3 (nop)KaTeropnn JigE, 3a6biBaioiu,nii cxpyKxypnbie oxoGpaacenna $, 'll, A n xpnBnajibnyio rpynny E. 


9. IIpepjioaKeHHe. Uyernu k - npouoeoAunoe noAC. KamezopuA zunepzpynn uad zpynnou T-Lg codepotcum 
nodKamezopum, u30Mop(^Hym namezopuu Auneuuux npocmpancme Ck uad ^uKcupoeannuM noAe-u k. 

/^OKa3ameAucmeo. Ilycxb El - MyjibxnnjiHKaTHBHaa rpynna nojia k. KaaepoMy jinneiinoMy npocxpancxBy L 
nap nojieM k conoexaBnM rnneprpynny Mh nap rpynnoii El c cncxeMoii cxpyKxypnbix OToGpaacenHit O = (<I>, 'll, S, A), 
rpe M coBnapaex c 6 a 30 BbiM MnoaceexBOM npocxpancxBa L, $(a, a) = aa - nponsBepenne Bexxopa a S M = L na 
cxajiap a G H C k, 'E- - GnHapnaa onepapnn appHTHBHoit rpynnbi npocxpancxBa L, a 'll n A xpnBnajibnbi: 

’^{a,a)=a, A{a,b) = e, 
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r^e £ = 1 - eflHHHHHbiii ajieMenT nojia k. Ha axcHOM jiHHeftHoro npocTpancTBa cjieflyeT BbinojineHne ycjiOBHii (PI) — 
(P4) (nacTB H3 KOTopbix npeBpaipaeTca b TaBTOjiornio). 

JlnHeiiHOMy OTo6pa}KeHHio / : L —> L' jiHHeitHbix npocTpancTB nafl nojieM k conocTaBHM Mop(|)H3M rnnep- 
rpynn na^ rpynnoft {1h, /)j r^e 1h - TOJKflecTBCHHbiH roMOMop(J)H3M rpynnbi H . HocTpoeHnaa napa conocTaBjieHHii 

Lk Mh^ f {1 h, f) 

onpe^ejiaeT HHbeKTHBHbiit (|)yHKTop S{L) h 3 KaTeropHH Ck b KaTeropnio T-Lg. Ero o6pa3 imS{L) 6yflfiT noflKaTero- 
pneii KaTeropHH T-Lg, h30mop(|)hoh KaTeropHH Ck- 

HoflKaTeropHH imS{L) HMeeT Kjiacc oGbeKTOB, cocToamnii h 3 Bcex rnneprpynn Ha;; cjDHKCHpoBaHHOii rpynnoH 
H , coBnaflaiomeH c MyjibTHnjiHKaTHBHoii rpynnofi nojia /c, h c chctomoh CTpyKTypnbix OTo6pa}KeHHH H = ($, 'I', S, A) 
TaKoit hto 

(i) CTpyKTypHbie OTo6pa}KeHHH 'P h A TpHBHajibHbi, 

(ii) (M, S) HBjiaeTca aGejieBoii rpynnoH, 

(iii) CTpyKTypHoe OTo6pa}KeHHe $ h rpynna H noflannaiOTca cjieflyiomHM flByM ycjiOBHHM. 

Bo-nepBbix, rpynna H aGeaena. BTopoe ycjiOBHe 4)opMyjiHpyeTca cjiojKHee. Cnanajia aaMOTHM, hto b CHjiy 
ycjiOBHa (ii) na MHoacecTBe End{M, S) 3Hfl0M0p4)H3M0B (aGejieBoft) rpynnbi (M, S) mojkho onpe^ejiHTb onepapnio 
cjiojKeHHa HO (JiopMyjie 

{(f + '^){a) = ip{a) + tp{a) E{(p{a).'ilj{a)), & End{M, S), a G M, 

npHHeM MHOJKecTBO End{M, S) BMecTe c SToii onepapneH CTanoBHTca aGejieBoft rpynnoH. HeiiTpajibHbiM ajieMBHTOM 
0 3TOH rpynnbi Gy^eT „HyjieBOH 3HflOMop(J)H3M“, nepeBOflamnii jiioGoit 3JieMeHT a G M b nenTpajibHbin 3JieMeHT 
o rpynnbi (M, S). B cnjiy cooTHOinenna (HI) onpeflejienna rnneprpynnbi na;; rpynnon cyrpecTByeT KanonnaecKoe 
nnbeKTnnnoe OToGpajKenne t : E[ ^ End{M,'E.). BTopoe ycjiOBne aaKjnonaeTca b tom, hto MnoacecTBO 

(P5) k = t{H) U {9} 

flOJiJKHO GbiTb aaMKnyTbiM ornocHTejibno Bbimeonpefleaennon onepapnn cjiosKenna b End{M,’E), n 3Ta onepapna 
cjioJKenHa BMecre c onepapnen yMnoacenna, onpepejiaeMon no npannjiy 

t{a) ■ t{P) = t{a ■ P) (a, /3 G H), 9 ■ tp = 9 = (p ■ 9 (p G k), 

pojiJKHbi aapanaTb na k CTpyKTypy nojia. 

OGpaTHbiH K (JiynKTopy S{L) - 3to (JiynKTop na imS{L) b kotopbih conocTaBjiaeT rnneprpynne nap rpyn- 
noH Mh h 3 KaTeropnn imS{L) c cncTeMoii CTpyKTypnbix OToGpajKennii fl = (<I>, 4*, S, A) jinnennoe npocTpancTBO L 
nap nojieM k, rpe nojie k aapaerca KaK MnoacecTBO (P5) BMecTe c onpepejiennbiMn na 3 tom MnoacecTBe onepapnaMn 
cjiojKenna n yMnoacenna, a jinneitnoe npocTpancTBO L nap nojieM k ecTb MnoacecTBO M BMecre c onepapnen cjioJKe- 
nna S n onepapneii yMnoacenna na ajieMenTbi h 3 nojia k, coBnapaioipen c pencTBneM cooTBeTCTByroipnx ojieMenTOB 
n3 End{M, S) D k. 


10. IIpepjio^KeHHe. Kamezopufi zunepzpynn Had zpynnou T-Lg codepofcum nodKamezopum, usoMopcfjHyK) 
Kamezopuu nojieu T. 

JPoKosameAHcmeo. KoncTpyKpna (JiynKTopa S(F) : P -G T-Lg anajiDmana KoncrpyKpnn (JiynKTopa S{L). 
KaacpoMy nojiio F conocTaBjiaeTca rnneprpynna nap rpynnoii Mh c cncTeMon CTpyKTypnbix OToGpajKennn H = 
($,4',S,A), rpe 

M coBnapaeT c GaaoBbiM mhoskcctbom nojia F, 

H - MyjibTHnjiHKaTHBnaa rpynna nojia F, 

$ HBjiaeTCH orpannnenneM onepapnH yMnojKonna nojia F, 

S - onepapna cjiojKenna nojia F, 
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'I' H A - TpHBHajibHbie CTpyKTypHbie OTo6pa}KeHHH. 


Ha no^KaTeropHK) imS (F) HaKjiaflbiBacTCH ^onojiHHTejiBHoe k HaKjiaflbiBaeMbiM na no^KaTeropnio imS (L) ycjiOBne, 
aaKjiiOHaiomeecH b tom, hto aftzi,HTHBHaa: rpynna nojia k flOjiJKna Sbitb KanoHHHecKH naoMopeJjHOH a 6 ejieBOH rpynne 


11. SaMBHaHHe. Ecjih oxKaaaTBCH ot ycjiOBHH KOMMyTaTHBHOCTH onepapHH yMHOJKeHHH b nojie h, coot- 
BeTCTBCHHO, OT ycjiOBHs a6ejieBOCTH rpynnbi H b (iii) (cm. flOKasaTCJiBCTBO npefljiojKCHHH 9), to nojiyHHM ^OKaaa- 
tcjibctbo yTBepjKfleHHH, HTO KaTeropna rnneprpynn na/i, rpynnoii co.zi,ep}KHT b KanecTBC no^KaTeropnii KaxeropHio 
jiHHCHHBix npocTpancTB Ha.zi, tcjiom h KaxeropHio tcji. no.ii,HepKHeM, o.ii,HaKO, hto corjiacno nsBecTHOMy peayjiBTaxy 
Be^epGepna 3 to saMenaHHe Hnnero hoboto hc npH6aBjiaeT b cjiyaae kohchhbix tcji. 


12 . SaMBHaHHe. FHneprpynnBi nafl rpynnoii yjKC ycnenino npaMenenbi b [6] o6o6ni,ennH TCopeMBi 
Hlpafiepa o pacninpennax rpynnti c noMoni;bio KOMMyTaTnBnoit rpynnbi ([1], exp. 185, TeopcMa 7.34) n fljia onneanna 
nojiynpaMbix npoH3Be.zi,ennH rpynn. 
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